We investigated whether stress interferes with fertility during adulthood. Male Wistar rats (weighing 220 g in the beginning of the experiment) were forced to swim for 3 min in water at 32ºC daily for 15 days. Stress was assessed by the hot-plate test after the last stressing session. To assess fertility, control and stressed males (N = 15 per group) were mated with sexually mature normal females. Males were sacrificed after copulation. Stress caused by forced swimming was demonstrated by a significant increase in the latency of the pain response in the hot-plate test (14.6 ± 1.25 s for control males vs 26.0 ± 1.53 s for stressed males, P = 0.0004). No changes were observed in body weight, testicular weight, seminal vesicle weight, ventral prostate weight or gross histological features of the testes of stressed males. Similarly, no changes were observed in fertility rate, measured by counting live fetuses in the uterus of normal females mated with control and stressed males; no dead or incompletely developed fetuses were observed in the uterus of either group. In contrast, there was a statistically significant decrease in spermatid production demonstrated by histometric evaluation (154.96 ± 5.41 vs 127.02 ± 3.95 spermatids per tubular section for control and stressed rats, respectively, P = 0.001). These data demonstrate that 15 days of forced swimming stress applied to adult male rats did not impair fertility, but significantly decreased spermatid production. This suggests that the effect of stress on fertility should not be assessed before at least the time required for one cycle of spermatogenesis. 
The testes carry out spermatogenesis and steroidogenesis in distinct compartments of the organ, i.e., seminiferous tubules and the interstitial space, respectively (1) . Leydig cells, under the stimulus of luteinizing hormone (LH), secrete testosterone that is required by Sertoli cells to support spermatogenesis during all of its phases (2) .
A variety of stressors such as hyperthermia, microorganisms, and exposure to heavy metals inhibit male reproductive functions and/or spermatogenesis (1) . Similar effects were observed after application of the stressful stimuli such as prolonged immobilization (3) . It has been established that activation of the hypothalamic-pituitary-adrenal axis in response to prolonged stress may inhibit male reproductive functions through a depression of the hypothalamic-pituitary-testicular axis (4) . Other studies have revealed that mechan-isms leading to a reduced population of germ cells involve apoptosis, with subsequent testicular atrophy (5) .
Different forms of stress can produce potent analgesia. These stress-induced antinociceptive effects are mediated by complex endogenous antinociceptive systems (6) and the differential activation of opioid and nonopioid mechanisms of analgesia by stress appears to depend upon the characteristics of the stressor and pain test employed (7) . For example, in swim stress-induced analgesia, altering the temperature of the water influences the extent of the involvement of opioid and non-opioid mechanisms (8) . A 3-min swim in 32ºC water produces a mixed opioid and non-opioid analgesia measured by the hot-plate test (7) . It is well known that reproductive functions can be inhibited by opioid mechanisms because opioids strongly modulate gonadotropin and neurohypophyseal hormone secretion during animal reproduction (9) . For example, Met-enkephalin inhibits LH secretion in males and ß-endorphin and Leu-enkephalin can modify LH secretion (9) .
The purpose of the present study was to determine whether forced swimming stress applied to adult male rats affects fertility during adulthood.
Adult male Wistar rats, weighing 220 g in the beginning of the experiment, were housed under controlled environmental conditions, with free access to laboratory chow and tap water. Animals were housed individually in metabolic cages for the determination of daily ingestion of food and water. Animals were divided into two groups of 15 each. Controls remained undisturbed in their cages and the animals of the stressed group were submitted to forced swimming for 3 min in water at 32ºC daily for 15 days. Stress was assessed by the hot-plate test after the last stressing session. In the hot-plate test, the plate temperature was 52ºC and the maximal cut-off time was 60 s. The latency time for hind paw licking after exposure to the hotplate surface was measured and the increase in relation to control was considered to be an index of the antinociceptive effect.
Stressed and control males were mated with sexually mature normal females who had presented at least three regular cycles, confirmed by analysis of daily vaginal smears. Females in the proestrus stage in the morning were mated with males overnight (1 female per 1 male) and the presence of spermatozoa in the vaginal smear on the next morning was considered to indicate the occurrence of copulation. Females were autopsied on day 20 of pregnancy and their uteri were examined for number of live fetuses; no dead or incompletely developed fetuses were observed in the uterus of either group.
Males were sacrificed after copulation and the testes, seminal vesicle and ventral prostate were removed, weighed and fixed in Bouins solution for 24 h. Six-micrometer thick paraffin sections were stained with hematoxylin and eosin for histological and histometric analysis. Spermatid production was estimated by the amount of round spermatids in the maturation phase (stages I to VII of spermatogenesis, identified according to Ref. 10) counted in 10 seminiferous tubule cross-sections per animal.
Data are reported as means ± SEM. The statistical significance of the difference between the control and stressed groups was determined by the unpaired t-test. Probabilities of less than 5% (P<0.05) were considered to be significant.
There was no difference between control and stressed rats in body weight (303.37 ± 15.62 vs 335.19 ± 11.53 g, respectively), testicle weight (1.56 ± 0.07 vs 1.60 ± 0.05 g, respectively), seminal vesicle weight (0.39 ± 0.02 vs 0.45 ± 0.03 g, respectively), ventral prostate weight (0.32 ± 0.02 vs 0.36 ± 0.04 g, respectively) or gross histological features. However, a statistically significant decrease in spermatid production was demonstrated by histometric methods: 154.96 ± 5.41 and 127.02 ± 3.95 spermatids per tubular section for control and stressed rats, respectively (Table 1) . No difference in food or water intake was observed between groups during the experiment (data not shown).
In the hot-plate test, a 3-min swim at 32ºC significantly prolonged the latency time for hind paw licking (14.6 ± 1.25 and 26.0 ± 1.53 s for control and stressed rats, respectively, P = 0.0004; Table 1 ).
Data for females submitted to autopsy on day 20 of pregnancy were used to estimate male fertility rates. No difference (P>0.05) was observed in the number of live fetuses per uterus of females mated with control or with stressed males (11.09 ± 1.3 vs and 10.3 ± 1.41 live fetuses, respectively; Table 1) .
The present data demonstrate that forced swimming causes stress, as confirmed by a significant rise in latency time for the pain response in the hot-plate test. As mentioned above, others have shown that a 3-min swim in 32ºC water produces a mixed opioid/nonopioid analgesia when animals were submitted to the hot-plate test (7) . Opiates are likely to play a role in the decreased gonadotropin secretion observed during both acute and chronic stress, having a major impact on the regulation of amplitude and frequency of the pulsatile pattern of LH secretion (11, 12) . Testosterone released from the Leydig cells under the influence of LH and follicle-stimulating hormone are the key regulators of the spermatogenic function of the testis and it is clear that both hormones are needed to initiate and maintain the process of spermatogenesis (1). There is a decrease in testosterone secretion in male rats exposed to immobilization-induced stress (4,10,13,14), a fact attributed to reduced LH concentration (15) . Testosterone is crucial for the differentiation of round to elongated spermatids, and the specific effect of testosterone during spermiogenesis is on the conversion of round spermatids from stage VII to stage VIII of the spermatogenic cycle (2). When intratesticular testosterone was reduced, few stage VII round spermatids progressed to stage VIII (2) .
On the basis of these considerations, we analyzed the effect of forced swimming stress on the number of spermatids in the seminiferous tubules. We showed that forced swimming stress caused a significant decrease in the number of spermatids in seminiferous tubules. This result supports literature data showing the inhibition of spermatogenesis in response to various stressors (1, 3, 10) . Spermatogenesis in the rat is divided into 14 stages or cell associations (16) and the complete sequence of these stages constitutes one cycle of the seminiferous epithelium, which lasts 48 to 53 days in the rat (16) . Although the response of plasma testosterone concentration to stressful stimuli was not measured in the present study, literature data strongly support the hypothesis that the decrease in circulating testosterone levels of stressed males can be responsible for depressing spermatogenesis (10, 13, 15) . In addition, stress may activate the hypothalamicpituitary-adrenal axis (4) and the roles of corticotropin-releasing hormone, adrenocorticotropin (ACTH) and the adrenal glucocorticoids in the regulation of gonadotropinreleasing hormone (GnRH) pulse generator activity have also been studied extensively The forced swimming-stressed rats were submitted to 3-min daily forced swimming for 15 days. The significantly increased latency time for hind paw licking in the hotplate test confirmed that the rats were stressed. Data are reported as means ± SEM for 15 rats. *P£0.05 compared to control (unpaired t-test). (14) . However, the exact site where ACTH, or even corticosteroids, exert their effect on the reproductive process is still not known. A wide variety of mechanisms have been proposed, including the activation of opioid pathways, a steroid-mediated decrease in the ability of the pituitary to respond to GnRH resulting in a fall in LH production, and a direct or indirect effect of ACTH and/or corticosteroids on the gonads (4, 14) . Previous studies have demonstrated a direct effect of glucocorticoids on testicular LH receptors and on steroidogenesis, demonstrating the existence of regulation of testicular function by the adrenals (17) . As a consequence of the reduction in LH receptors, stress causes a reduction of testosterone secretion (4, 14) . Thus, the stressful stimulus may interfere both with endocrine and local factors, disturbing spermatid production.
On the other hand, the present data demonstrated no change in testicular weight or gross histological features after 15 days of forced swimming. Similarly, no difference was observed in the fertility of control or stressed males, as indicated by the similar number of live fetuses found in the uterus of autopsied females. The data demonstrated that 15 days of forced swimming stress applied to adult male rats did not immediately impair fertility, but significantly decreased spermatid production. The normal fertility exhibited by stressed males may be explained by the fact that forced swimming lasted 15 days, a period shorter than the 48-to 53-day duration of one cycle of the seminiferous epithelium. Previous studies have shown that long-term testosterone suppression led to reduced spermatogonial and spermatocyte production, and that losses during these earlier stages of germ cell development led to reduction in the spermatid population (18) . When intratesticular testosterone was suppressed for 11 weeks, the conversion of round spermatids from stage VII to stage VIII was markedly suppressed and elongated spermatids were not detected. However, round spermatid conversion was not affected until 3 weeks of testosterone withdrawal, perhaps because of the persistence of androgen action for several weeks after the reduction in testicular testosterone levels (18) . Since stress reduces testosterone secretion (3, 4, 14) , it is possible that impairment of male reproductive function and/or spermatogenesis is due to the reduced testosterone levels. Our data suggest that short-term forced swimming stress leads to a reduction in the round spermatid population, but the conversion of preexisting round spermatids was apparently unaffected, as indicated by normal fertility. Thus, the present data suggest that the effects of stress on fertility should be better assessed after the period of time necessary to complete an entire cycle of the seminiferous epithelium, i.e., between 48 and 53 days in the rat (16) , or at least after the period of time necessary for spermatids to mature.
